to be TAAA and GCCGATAA, respectively, with a 15 basepair spacer (Helmann and Chamberlin, 1987; Kutsukake et al., 1990) . However, this has not been proven experimentally.
In the earlier works on the E. coli gemone analysis, Blattner and coworkers suggested that σ 28 -dependent promoter-like sequences exist upstream of some non-flagellar genes (Daniels et al., 1992; Sofia et al., 1994) . However, in most cases, the sequence homology is restricted to the -10 region, and thus they are unlikely to act as σ 28 -dependent promoters. On the other hand, we reported previously an E. coli gene, flxA, whose expression is dependent on σ 28 but whose function seems not to be related to flagella (Ide and Kutsukake, 1997) . This finding suggests that there may be more σ 28 -dependent promoters, which are not involved in expression of flagellum-related genes. Because the entire genomic sequence of E. coli is now available, we can estimate a total number of σ 28 -dependent promoter-like sequences in the E. coli genome. This work was initiated to compile a complete list of such sequences. However, in the course of this study, we found that a promoter activity is not always associated with such sequences. On the basis of more careful sequence comparison, we propose here a revised consensus sequence of the σ 28 -dependent promoters.
A similarity search on the entire sequence of the E. coli genome (accession no. U00096) was conducted for the previously proposed consensus sequence of the σ 28 -dependent promoters (TAAA N 15 GCCGATAA). The known class 3 flagellar promoters match this consensus in at least 10 of 12 positions. However, when we performed the similarity search allowing only a single base-pair mismatch, nearly 100 σ 28 -dependent promoter-like sequences were found in the E. coli genome (data not shown). Because this was a surprisingly large number, we asked if these sequences actually act as σ 28 -dependent promoters. We chose arbitrarily four of such sequences and tested their ability to promote transcription. These four sequences are listed in Table 1 . They are all located within the coding regions of known genes (galK, metF, priA and speA) . A DNA fragment containing each of these σ 28 -dependent promoter-like sequences was inserted into a promoter-probe vector pKK231-1 (Brosius, 1984) to make a transcriptional fusion to a promoter-less cat gene. The fusion plasmid was introduced by transformation into the wild-type and fliA-mutant strains of Salmonella or E. coli, and the chloramphenicol acetyltransferase enzyme activity was measured with the resulting transformants. Table 1 shows the results with the Salmonella transformants. Two of them (the sequences found in the galK and speA genes) showed σ 28 -dependent promoter activity, whereas the other two didn't. Similar results were obtained with the E. coli transformants (data not shown). This result suggests that the previously proposed consensus sequence does not suffice for the promoter activity. In Bacillus subtilis, an AT-rich upstream promoter element (UP element) has been shown to be required for maximal expression of at least some of the σ 28 -dependent flagellar genes (Fredrick et al., 1995) . The UP element is believed to enhance RNA polymerase binding by interacting with the α subunit (Rao et al., 1994) . Similar upstream contact has been also observed for σ 28 -RNA polymerase of E. coli and Salmonella (Kundu et al., 1997; Schaubach and Dombroski, 1999) . However, it has been shown that the sequences upstream of the -35 regions contribute only very little to the strength of the class 3 flagellar promoters in these organisms (Schaubach and Dombroski, 1999) . Therefore, it is possible that another unidentified sequence element may be responsible for their promoter activity.
To address this issue, we compared more carefully the sequences of the promoter regions of all known σ 28 -dependent promoters of E. coli and Salmonella. As shown in Table 2 , four additional nucleotides (GTTT) following the previously known conserved tetramer (TAAA) were found to be conserved well in the -35 region, though the similarity in this extended region is lower than that in the first four nucleotides. According to this observation, we propose here that the conserved sequence for the -35 region is extended to octanucleotides, and that the consensus sequence of the σ 28 -dependent promoters is TAAAGTTT N 11 GCCGATAA. Consistent with this, the sequences that showed no promoter activity (those within priA and speA) have no sequence homology in this extended region (see Table 1 ). Interestingly, there is no apparent sequence homology in the corresponding region of the σ 28 -dependent promoters of B. subtilis (data not shown). This is quite a contrast to the fact that the UP element is apparent in the σ 28 -dependent promoters of B. subtilis but not in those of Salmonella and E. coli. We believe that the extended -35 element may enhance RNA polymerase binding by strengthening interaction between the promoter and the σ factor. This is supported by the observation that σ 28 -RNA polymerase protected the region between -24 and -33 in DNase I footprinting experiment (Schaubach and Dombroski, 1999) . Using the revised consensus sequence, we performed again a homology search for the σ 28 -dependent promoterlike sequences in the E. coli genome. Besides class 3 flagellar promoters, only five sequences were found to match this consensus (Table 2) . They include the promoters inside the coding regions of the galK and speA genes and the promoter for the flxA gene, all of which have been shown to act actually as σ 28 -dependent promoters (this study; Ide and Kutsukake, 1997) . One of the remaining is located inside the coding region of the holA gene, and the other is located upstream of the yhjHG operon. The role of the σ 28 -dependent transcription from the promoters within the coding regions (holA, galK, and speA) is unclear. In holA and speA, the direction of transcription from these promoters is opposite against that of these genes. Therefore, the transcripts may modulate translation of these genes by acting as anti-sense RNAs. Because disruption of the flxA gene gave no apparent phenotype to E. coli (Ide and Kutsukake, 1997) , we have no idea as to the function of this gene. As in the case of the flxA gene, the promoter-like sequence located upstream of the yhjHG operon may be involved in its expression. Because there is no other promoter-like sequence upstream of the operon, its expression may be dependent . The chloramphenicol acetyltransferase (Cat) activity of the transformants was measured by the method described previously (Kutsukake, 1994) and is expressed in nanomoles per minute per milligram protein. σ 28 -dependent promoter on σ 28 . This operon consists of two genes, yhjH and yhjG, and is followed by a REP sequence (Sofia et al., 1994) . Though the YhjH protein is known to belong to the YegE-YhdA-YhjK-YjcC family (Sofia et al., 1994) , there is no available information on the function of these proteins. Gene disruption experiment is required for a further study on the function of the yhjH and yhjG genes.
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